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TABLE A2, FEMALE RATS: NEOPLASMS (CONTINUED)
e o . -
UNTREATED VEMICLE LOW DOSE HIGH DOSE
CONTROL. CONTROL
ANINAL DISPOSITION SUSNABY
ANINALS TWITIALLY IN STUDY 1s 18 35 35
WATORAL DEATH) 1 1 10 22
BORIBUND SACRIYICE 3 s 8 13
SCEEDULED SACRIFICE
ACCIDENTALLY KILLED
TEPAINAL SACRIF ICE 7 1] 17
ANINAL NISSING
? 1NCLUDES AUTOLYZED ANIMALS
TOMOR SUNHMARY
TOTXL BE-MILS WITH PRIEARY TUNORS® 11 7 15 3
TOTAL PRINARY TUMWORS 13 s 20 3
TOTAL ANTNALS WITH BEWIGN TUNORS 8 6 1 1
TOTAL BEWIGH TUNORS 3 8 8 1
TOTAL ANIMALS WITH MALIGHAWT TUMORS s 1 1 2
TOTAL BALIGHANT TUMORS 5 1 12 2
~0TAL ANINALS WITH SECONDARY TONORSP 1 1 2
TOTAYL, SECONDARY TUMORS k] 1 2

TOTAL AHIMALS WITH TUMORS UNCERTAIN-
BENIGR OF HALIGHAWT
TOTAL UNCEBRTAIN TOUMORS
TOTAL ANIMALS WITH TUMORS UNCERTAIN-~
PRIMAPY OR HRTASTATIC
TOTAL UWCERTAIN TUMORS
¢ PHRINAPY TUMORS: ALL TUMORS EXCEPT SECOKDARY TUMORS
# SECONDARY TUMORS: NETASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

----- D T T T R e Y e L LA R P L Y L L e Ly 2

Summary of histopathological findings on neoplasm in rats (from the report):

= According to the statistical analyses, there was no increased incidence of tumors
at any specific site in either sex that is statistically significant in the positive
direction, i.e., the treated animals did not have higher frequency of neoplasm than
their controls. The absence of such tumors, however, may be due to the
abnormally short treatment periods and life spans in the treated animals, rather
than to absence of carcinogenicity of the test chemical in the rats.

* Neoplasms were seen more frequently in the female rats than in the males. The
most frequently observed neoplasms in the females involved the pituitary gland
and the mammary gland. Chromophobe adenomas of the pituitary were observed
frequently in the control females only. Benign and malignant mammary gland
neoplasm were seen frequently in both control and low-dose female rats.

= Statistical analyses of the incidences of primary tumors that were observed in at
least two animals with an incidence of at least 5% in either the vehicle-control or
low dose groups:
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Male rats:

PAY

FYTIPa

N Vehicla Low
Topegraphy: Moxphelogy Sontrol Dose
Hamatopoietic System: Lywphoma,

Granulocytic Levkemia, or Sazcomad 0/18 (0) 4/32 (13)
P Values®rd ~— R.S.
Relative Risk (Vehicle Control)e Infinite

Lower Linmit 0.463

Upper ‘Limit Infinite
Heeks to Pirsc Obseryed Tumor — 23
Testis: Interstitial-cell

Tuzor? 6/15 (9) 2/28 (7)
P ValuesC»d - N.S.
Reletive Risk (Vehicle Control)® Infinita

Lower Lianit 0.168
Upper Linmit Infinite
Weeks to Pirst observed Tuwof - 80

8Treated groups received doses of 2.6 or 5.2 mgfkg by injection three times per wack for 34 weeks.

byumber of tumor~bearing animals/number of animals examined at site (perceat).

CBeneath the incidence of tumors in the trcated group is the probabilicy level for the Fisher

exact test for the comparison of that group with the vehicle-control group whea P < 0.053

othexwise, not significant (N.5.) 1is indicaced.

da negative trend (N) indicates a lower incidence in the treated group than ian the control group.

®The 95% confidence interval of the relative risk between the treated group and the control group.

ON ORig 3z

TH(’S ooy
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Female rats:
PR I e s . ~ s .. \ 4 e e o, aa ,‘_L" L A B S A e B oI R R R Sl
Vehicie Low
Jopographys Morphology Lootxol Pogs
ruuaury{, Chrouophobe
Adenome 471S (21 0/30 (0)
P ValuesCsd - P = 0.009(N)
Relative Risk (Vehicle Control)® 0.000
Lover Limit 0.000
Upper Limit 0.521
erved ) 4 65 e
Mammary GCland: Papillary
Ade cf » Pibroad .
or Adenocarcinoms, NOS b
{not otherwise specified) 3713 (20) 13/31 (42)
P Values®:d -— N.S.
Relative Risk (Vehicle Control)® 2,097
Lover Limit 0.716
Upper Limft 10.013
Meeks to FPirst Observed Tumwor 76 26

3Treated groups received doses of 2.6 or 5.2 mg/kg by Injectlon three times per week for 34 weeks.

SNumber of tusor-bearing animale/number of animals examined at site (parcent).

“Beneath the incidence of tumors in the treated group fs the probability level for the Fisher
ezact test For the comparison of that group with the vehicle-control group whea P < 0.05;
otherwise, not significant (N.S.) is indicated.

4\ negative trend (R) indicates a lower incidence in the treated group than in the control group.

©The 952 confidence incerval of the relative risk between each trested group and the
control group.

Due to the shortened survival in the high-dose groups, results for these groups were not
analyzed in these tables. In each of the 95% confidence intervals of relative risk, shown
in the tables, except for the comparison involving the pituitary tumors in female rats, the
value of one is included; this indicates the absence of positive significant results. It
should also be noted that these intervals have upper limits greater than one, indicating the
theoretical possibility of the induction of tumors by 5-azacytidine, which could not be
detected under the conditions of this test.(quote from NCI contractor’s report)

Non-neoplastic:
e Table C1 and C2 are summaries in male and female rats, respectively.
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JABLE C1.

£ SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS
2 - GIVEN INTRAPERITONEAL INJECTIONS OF 5-AZACYTIDINE

N e —m—— - et T it e weccconecwe
% UNTREATED VEHICLE LOW DOSE HIGH DOSE
. CONTROL CONTROL
"’“s m-'mu I8 STUDY 15 15 35 35
o ' ml!CROPSIED 18 15 32 33
) il &,\]xllIIBD nxsmnrnoxocxcuu 1 15 32 33

............................... T I DD D BB T P S - >

TEG :mna! SYSTEN
T
i

fAACH (12 (15 (28) (33)
,Inuunumw, ACUTE/CHRONIC 1 (7%) 8 (18%)
: ﬁnanoncnrou (18 (1) (32) (32)

qYPERPLASIA, LYNPHOID 1 (3%)

N

Lo (1% (" 32)

S THPLANNATION, THTERSTITIAL 1 (8%) 3 [(13%) 1 (3%)

thICHOPHEUHDNIl SUPPURATIVE 3 (21%) 5 (16%)

LONCHO PNBUSOFI A, CHRONIC 2 (6%

ROSCHOPNEURONIA CHRONIC SUPPURA 4 (13%) 1 (3%

BIPBRPLASIA, LYNPHOID 1 (8%) 2 (6%)
%i_u,. ...................................... eemeevesemmemean o ccae———————- cmercescraccm————
‘ ’Gg*onnc SYSTER

BLIYLE (13) (15) (30) (33

H0PRY, HOS 2 (13%) 5 (17%) 26 (79%)
g ‘“ (i (15) 13 32)

" IHIIM'IOI, RECROTIZING 1 (3%)

hcposxs, ¥0S 3 {9%)
PR/ NOD B (%)) (13 122) (28)

u hunarzou. NECROTIZING 1 (4%)
i e e = o - - v - - e e o R L T LT Y e e e e -—-—- P L L L L L LY P pplpy
gda! SYSTEN
~E

BE/ATRIUN 317] (13) 132) 132

=3 LD ELER PR 1_43%)

e
R.OF ANINALS WITH TISSUE EXABINED MICBOSCOPICALLY
¢ ;E?‘,OP AMINALS NECROPSIED
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.
-

4N YOCAR DIUN
INPLASEATION, NECROTILING

DEGENERATION, NOS

- e S T o T P S UL s e WP B - e

DIGESTIVE SYSTEM

SLIVE®
CO¥GESTTION, PASSIVE
CONGESTION, CHRONIC PASSIVE
INPLANMATION, NECROTIZING
¥BCROSTS, COAGULATIVE
RECROSIS, CENTRAL

4LYVER/CENTRILOBULAR
NECROSIS, ¥OS
NBCPOS1S, COAGULATIVE

*BILE DOCT
INPLAMNATIOR, CHRONIC

3 ASTRIC SUBMUCOSA
ARSCESS, CHRONIC

URINARY SYSTEN

4XIDHEY
RYDRORBPHROSIS
.IBFLANNATION, INTERSTITIAL
INFLAMMATION, SUPPURATIVE

GLOMERULOMEPHRITYS, MEABRANOUS
PYRLORGPHRITIS, ACUTRB/CHRONIC

INPLAMMATION, CHRONIC

REPBODUCTIVE SYSTEN
$PROSTATE
INPLANMATION, SUPPURATIVE
NERVOUS SYSTEN

SORE

UNTREATED VEHICLE LOW DOSE HIGH DOSE ~
CONT! CONTROL ;
(14) (13) (32) {32) :
1 (3%)
1 (3%).

(1)) (14) (31) (33
1 (3%)
1 {3%)
143%)
- 2 (6%)
' 5 {16%) 3 (9% ]
{19) {19 3n (33) :
1 (3%)
8 (24%)

(14) {15) 32y (33)

1 (%)
{18) (*S (31 (33) R
i - . 1 (3%)
(18) (15) (31 (32 i
1 (7%) 3
2 (6%) .
1 (39!
3 (21%) 1 (1% 1 (3%)

1 (3%
1 {3%) -
i
NONE g
{14) (15) (28) {30) 4
1 2%k
.................. O S S UL PSPPI R RPRPIORPD
:

¥ EUMBER O® ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

« BUMBEP NP ANIMALS NECROPSIFD

fo "3 o
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UNTREATED VEMICLE LOW DOSE HIGH DOSE
CONTROL CONTROL

KL sELSB ORGAWS

g.xxx.mt. SYSTEN

R STSTERS

At 'HORPHOLOGY SummsRy

¥ONLESTON REPORTED 7 12 3 3

qtousxsno AECROPSY 1 3 2

B! OF ANIMALS WITH TISSUE EXANINED AXICROSCOPICALLY
jBEe OP ANINALS NRCROPSIED
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Female rats:
g TABLE 02,
e - SUMMARY OF THE INCIDENCE OF NONNEGPLASTIC LESIONS IN FEMALE. HATS i
BWEH INTHKP ﬁlTGNEA[ INJECTIUNS OF 6-AZACYTIDINE = - T
----.’--—--o------i--—q---- o===os ————— . , -’v_
ONTREATED " VEHICLE LOWDOSE HIGH DOSE
CONTROL CONTROL .
ANIHALS TNITTALLY IN STUDY 15 . 15 35 - 357 .-
AFINALS MECROPSIED 15 15 31 E3 )
ANINALS EXANINED RISTOPATHOLOGICALLY 1S 15 31 31
INTEGUAENTARY SYSTEN
sone ' .
RESP IRATORY SYSTEM
$TRACHED ' (1% (1% : (29) N T
INFLANNATION, ACUTE/CRRONIC 1 00 .
tLONG (15 t(30) T(30) :
INPLANSATION, IRTERSTITIAL M) 1 0On) 2 (%)}
BRONCHOPNEUNOWIA SUPPURATIVE 1 0% s (13%) '
BRONCROPNEUSONIA WECROTIZING 12y
BRONCHOPNBGHOBIA CHEONIC SUPPURA 1 (7%
HYPERPLASIA, LYMPHOID 1 (1% 1 @i
——- ——— - - - - cmmemmeemace—ann em——— s
HEMATOPOIETIC SYSTES .
$BONE NARROY (1% (15) (30) 29 i
ATBORRY, ¥0S 2 (7%) 15 (529
CIRCULATORT SYSTEN
HOWR §
" DIGESTIVE SYSTEM 4
3
SLIVER/CRETRILOBULAR (™ ) (31 3§

NECROSIS, NOS
MBCROSIS, COAGULAITIVE
CYITOLOGIC DEGENEBEATION

- —— —ea-

URINARY SYSTEN

- Hork

§ WUBBER OPF ANINALS WITH TISSUE BXANINED NICROSCOPICALLY
* BONBER OF A¥INALS NECROPSIED ;
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‘82 FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

Dend o

UNTREATED VEHICLE LOW DOSE HIGHDOSE __
+ CONTROL - = CONTROL "~ - - o
B SYSTEM
R cmememesecescean . -
HOCTIYE SYSTEE
fAse oLawp (%) (15) (3 (31
KRPLASIA, CYSTIC 1(1%)
- /uoonnxmu (15) (15) (30) (29)
{PLANNATION, SUPPOBATIVE 1 (% 2 (13%) 3 (10%)
nuunuol, CHRONIC SUPPORATIV 3 {10%)
JYARY (10) (13 23) ©2n
SPLANBATION, SUPPOBATIVE * (ux)
munuou. CHRONIC SUPPUORATIYV 3135 L))
AidrauEsTsTRN
IR . ';', ____________________________________ . i e
o & ENSE ORGAHS

et A e e e Ce T C e e T AR R ASANS e e . --- —-—— _—ema - -

T e o o - e B - = e - = T = T . - - - .  ——— - - - -

,EJ OF ANINALS WITH TISSUR EXANINED MICROSCOPICALLY
¥R OF ANIBALS WECROPSIED

TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

UNTREATED VEHICLE LOW DOSE HIGH DOSE
CONTROL CONTROL
SPECIAL WOEPROLOGY SUNMARY
10
NO LESION REPORTED L} 7 9 9
R0TO/BRCROPSY/HISTO PERF . 2

AUTOLYSIS/KO NECROPSY

¥ NUNBBR OP ANIRALS VITH TISSUE EXANINED MICROSCOPICALLY
* NUMBER NP ANINALS WBCROPSIED

Summary of histopathological findings on non-neoplasm in rats: Among

35/sex/group treated rats, a few of them were not necropsied, due to autolysis.

* Liver: Hepatocellular degeneration and necrosis, usually centrilobular, were
present in several of the treated animals and were the only nonneoplastic lesions
that appeared to be directly related to exposure to the chemical. None of the
control rats had similar hepatic lesions. These lesions were present in 1/31 low-
dose and 5/31 high-dose females. Necrotizing liver lesions were also present in
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5/31 low-dose and 15/33 high-dose male rats. All of the animals with liver

necrosis died prior to the end of this study.

= Bone marrow: Bone-marrow atrophy was present in 5/30 low-dose and 26/33

high-dose males and in 2/30 low-dose and 15/29 high-dose females, but its
significance in relation to the early deaths could not be evaluated, due to the lack

of clinical pathology data.

» Several inflammatory and degenerative lesions occurred with approximately equal
frequency in treated and control animals.

Toxicokinetics: n/a

Summary of Individual study:

e Under the conditions of this bioassay, the short life span and short duration of
treatment of Sprague-Dawley rats of either sex precluded complete evaluation of the
carcinogenicity of 5-azacytidine in these groups.

e Liver necrosis and bone marrow atrophy were the main non-neoplastic lesions in rats

in this study.

Histopathological inventory list:

Study 423422 4234.1.1. 42342.1. 4234.1.1.

Species Mouse Mouse Rat Rat

‘Adrenals X X

Aorta

Bone Marrow X X

smear

‘Bone (femur) X X

Brain X X

‘Cecum

Cervix

‘Colon X X

‘Duodenum X X

Epididymis

'Esophagus X X

Eye

"Fallopian tube

‘Gall bladder X (and X
bile duct)

Gross lesions

Harderian gland

Heart X X

Tleum X X

Injection site

Jejunum X X

Kidneys X X X

Lachrymal gland
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Larynx

Liver

Lungs X

Lymphoreticular X
system

Lymph nodes,
cervical

‘Lymph nodes
mandibular

;Lymph nodes,
) esenteric

ammary Gland X

asal cavity

Optic nerves

Ovaries

Pancreas

<

Parathyroid

Pl

>

Peripheral nerve

Pharynx

Pituitary

Prostate

Rectum

Salivary gland

P e e

bl Rt i

Sciatic nerve

T " N
iSeminal vesicles

‘Sensory organs

>

Skeletal muscle

> >

Skin X

>

‘Spinal cord

Spleen

>

>

-Sternum

Stomach

‘Testes

‘Thymus

“Thyroid

Pl R Rl Ko

] Kol K

Tongue

Trachea

>

<

Urinary bladder

>

Uterus

1k

Vagina

Zymbal gland
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3.4.6. Reproductive and developmental toxicology
Fertility and early embryonic development

Study title: Developmental exposure of male germ cells to 5-azacytidine results in
abnormal preimplantation development in rats. Biology of Reproduction 55: 1155-1162,
1996 (Doerksen and Trasler).

Key study findings:
e Paternal administration of 5-azacytidine interfered with normal male germ cell
development and resulted in alterations in fertilization and early embryo
development.

Study no.: Not applicable

Yolume #, and page #: Module 4.2.3.5.1.2

Conducting laboratory and location: published article

Date of study initiation: published 1996

GLP compliance: No

QA reports: No

Drug, lot #, and % purity: 5- or 6-azacytidine (Sigma). 6-Azacytidine, although
bearing similar structure as 5-azacytidine but without ability of blocking DNA
methylation, served as a control. % purity: not specified.

Note: Figures and Tables are from the article.

Methods
Doses: Experiment 1: O (saline), 2.5 and 5 mg/kg/day, 3x weekly, 4 or 11 weeks.
Experiment 2: 0 (saline), 2.5 and 4 mg/kg/day, 3x weekly, 16 weeks.
Species/strain: Sprague-Dawley rats. Adult males (250-350 g) and virgin females
(225-250 gm) .
Number/sex/group:
Experiment 1: Male rats: saline (n=8), 5-AZ (n=8) or 6-AZ (n=4).
Two females to mate with each 5-AZ or 6-AZ-treated male rat.
Experiment 2: Male rats: saline (n=6), 5-AZ (n=8).
Two females to mate with 6 males/5-AZ, or 6-AZ-treated group.
Route, formulation, volume, and infusion rate: IP, 1 ml/kg.
Satellite groups used for toxicokinetics: Not performed.
Study design:
Experiment 1: At the end of treatment, 2 female rats were mated with each
treated males (n=6 for saline and 5-AZ groups, n=4 for 6-AZ). Following
mating, these male rats together with the rest of male rats were killed.
Females were killed on Day 20 of gestation. The number of corpora lutea,
implantations, resorptions, and live fetuses were determined. Fetuses were
weighed, sexed, and examined for gross malformations.
Experiment 2: Six males per group were mated twice, each time with 2 female
rats. Following mating, blood from the male rats was collected for
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hemoglobin and leukocyte counts. The sperm count (n=3 for control, n=5 for
5-AZ) and the pregnancy outcome was assessed on 2 mated females on Day |
20 of gestation. In addition, 2 females were killed on day 2 of gestation
(0900-1300 h). Two-day-old embryos were assessed for abnormalities.
Parameters and endpoints evaluated:
Male body weight (twice weekly)
Male reproductive organ weight: testes, epididymides, ventral prostates,
seminal vesicles, pituitaries, spleens, liver (a segment).
Sperm counts: testicular and epididymal condensed spermatid and
spermatozoal numbers (hemocytometric counts).
Pregnant outcome:
Ability of male to mate (pregnancy rate)
Litter size
Preimplantation loss (mean/litter)
Postimplantation loss (mean/litter)
Embryo/fetal abnormalities:
Observations of gross morphological abnormalities, or low and high fetal
birth weights (< 75% or > 125%) of average weight for a litter.

Results

Mortality: none
Clinical signs: unremarkable

Body weight and male reproductive organ weight:

WEIGHT GAIN —— GOm0}
- X Garab
~ 4+ — BazaH
~ &~ Sazal,
-~ Sa289

B
- :_ Ta

pp - MRE R LR Sk dnput-0

By a8t

=
8

2 3 4 [ r ¢ [N I
Weeks of Treatment

FIG. 1. Increase in rat body weight starting at Week 0, just prior to the
first dosage of either saline (control), 2.5 mg/kg 6-azacytidine {6azal), 5.0
mg/kg 6-azacytidine (6azaH), 2.5 mg/kg 5-azacytidine (5azal), or 5.0
mg/kg 5-azacytidine (5azaH).

-]
o
-
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W controt
A TESTIS MBazal
@ 6azaH
B 5azal
B5azaH

Weght{g}

8 EPIDIDYMIS

Welght (g }

4vmek 1 weok

FIG 7 Effect of treatment on the weights of (A) testes and (B) epididy-
mides after 4 wk and 11 wk of treatment with saline (controb, 2 5 mgrkg
6-azacytidine {bazal), 5.0 mg/kg 6-azacytidine (6azaH), 2.5 mg/kg 5-aza-
cyudine (Sazal), and 5.0 mg/kg S-azacytidine (5azaH). Bars represent
means = SEM * p = 00S.
EFFECTS OF 5-AZACYTIDINE ON SPERMATOZOAL FUNCTION

TABLE 1. Fffect of treatment on body and organ weights after 11 wk and 16 wk of treatment »

Weight Control 5-AZA 2.5 mgkg  S-AZA SOmpkg 6AZA 2.5 mgkg 6-AZA 5.0 mghg
11 wk
Initial 3448+ 17.2 3463 £152 34352165 3205+ 208 3145 x16.2
Final 593.8 = 143 494 6 > 12.2¢ 4650 = 133* 607.5 = 19,0 5993 £ 144
Ventral prostate 801 x 67 658 = 40 569 = 49* 814 £ 110 831 £ 66
Seminal vesicles §78 £ 24 482 + 27 451 & 48¢ 669 + 39 624 + 50
Pituitary 1421 121 121 142 14 £
Spleen 916 £ 61 ORI ] 1131 £ 156 1190+ 78 917 x 67
16 wk
Inibal 33150+ 7.13 339.63 = 9.75 341.75 £ 10.42
Final 684.83 *+ 3167 607.50 = 19 10°* 549.50 = 12.21~
Testes 3900 * 110 2800 x 200 1710 = 250°
Epididymides 1526 £ 48 1051 *+ 78* 794 x 55
Ventral prostate 947 = 35 817 =41 670 * 62
Seminal vesicles 797 £ N 686 = 105 566 x 57
Spleen 937 * 57 1133 x 92 845+ 12

* Values represent mean in mg = SEM.
* Denotes significance p < 0.05 vs. control values.

Summary of the experimental results:

5-Azacitidine reduced weight gain compared to saline and 6-AZ controls.

Four-week treatment with 5 mg/kg of 5-AZ resulted in significant weight reduction of
epididymides, but not significant in testes weights. There was a dose-related weight
reduction of testes and epididymides when treatment continued for 11weeks
(approximately 20% and 40% in the weights of testes and epididymides) or 16 weeks
(testes: 28% and 56%, epididymides: 31% and 48%, at 2.5 mg/kg and 4 mg/kg,
respectively). Eleven-week treatment with 5 mg/kg of 5-AZ resulted in significant
decrease in the weights of ventral prostate and seminal vesicle.
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Food consumption: Not performed

Toxicokinetics: Not performed
Necropsy: Not performed

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
e Effect of 5-azacytidine to testicular and epididymal sperm counts:

SPERM COUNTS

W control

00 - B6azal

25 - il 8azaH

? 59 5322'.

o AL - 0 5azaH
E 150 -
100 -

Testag Capuw/Compus Catda

FIG. 3. Effect of 11 wk of treatment with saline (control), 2.5 mg/kg
6-azacytidine (6azal), 5.0 mg/kg 6-azacytidine (6azaH), 2.5 mg/kg 5-aza-
cytidine (5azal), and 5.0 mg/kg 5-azacytidine {SazaH) on testicular and
epididymal condensed spermatid and spermatozoal numbers. Bars rep-
resent mean number of sperm X 10 * = SEM. * p = 0.05.

Sperm counts, as measured by hemocytometric counts of condensed sperm heads, in
testes, caput/corpus and cauda parts of epididymides were decreased in a dose-related
fashion after 4 week (non-significant) or 11 week treatment of 5-AZ. Although 2.5
mg/kg of 5-AZ did not cause significant reduction in testicular sperm counts after 11
week treatment, the counts of the rest of groups were significantly reduced
(caput/corpus epididymides: 43% and 93%, cauda: 47% and 95%, at 2.5 and 5 mg/kg,
respectively).

APPEARS THIS WAY
ON ORIGINAL
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e Effect of 5-azacytidine on pregnancy outcome:

A PREGNANCY RATE
W control

E6azal D POSTIMPLANTATION LOSS

i3 6a2aH

R Sazal

SazaH

FIG, 4. Effects on pregnancy outcome after 4 wk and 11 wk of paternal
treatment with saline (controf), 2.5 mgkg 6-azacytidine (6azal), 5.0
mg/kg 6-azacytidine (6azaH), 2.5 mg/kg 5-azacylidine (5azal), and 5.0
mg/kg 5-azacytidine {5azaH). Parameters measured were A} the pregnan-
¢y rate {the percent of sperm-positive femaies that became pregnant), B)
the average number of pups per litter, C) percent preimplantation loss,
and D) percent postrmplantation loss Litters from 8 10 12 icmales per
group were assessed at gestahional Day 20. Preimplantation loss was de-
termined by calculating the difference between the number of corpora
lutea and mmplantations for each female. Posimplantation foss was de-
termined by calculating the difference between the number of implanta-
hon sites and the number of five fet Bars ey means x SEM. *
ps00S.

(Meannitter)

Number of Ofispring

(@)

% Loss (Meanflittar)

Summary of experimental results:
= Pregnancy rate:
4-week treatment: unremarkable
11-week treatment 2.5 mg/kg/d: unremarkable
11-week treatment Smg/kg/d: 11% (1/9)
16 week treatment 2.5 mg/kg/d: unremarkable
16 week treatment 4 mg/kg/d: 9.1% (1/11)
= Litter size: unremarkable for either Exp 1 or 2
® Preimplantation loss:
e Unremarkable at 4 weeks both dose groups.
e Increased after 11-weeks dosing in both low and high dose groups (reported
5.2-fold T at low dose; high dose shown in figure but not described in text).
T non-significant in low dose 16-wk group (7.49% v 4.01% in C); T in
morphological abnormal 2-day old embryos at 4 mg/kg (see below)
* Postimplantation loss:
¢ unremarkable at 4 weeks
o unremarkable at 11 weeks; loss in LD animals was not statistically significant.
(No historic control data provided)
e unremarkable in 16-week LD group
= Fetal abnormalities on Day 20 gestation: unremarkable
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= Effect of 5-azacytidine on early embryo development (Day 2 gestation analysis):

EARLY EMBRYO DEVELOPMENT ®controt
& Sazatl.
8 6azaH

Number Por Litter

Totsh Unfortiizad >0 3ca 4Cod Abnomnal

FIG. 5. Effect of paternal 5-azacytidine administration on early embryos
sired by rats treated for 16 wk with saline (control), 2.5 mg/kg 5-azacy-
tidine (Sazal), and 4.0 mg/kg S5-azacytidine (5azaH). Bars represent the
average number per litter & SEM of total number of embryos plus unfer-
tilized oocytes recovered (represents the average number of aocytes ovu-
lated}, unfertilized oocytes, 2-cell, 3-cell, 4-ceil, and abnormal embryos
at Day 2 of gestation. * p < 0.05.

Embryofetal Development

Study title: Cerebral cortex of the mouse after prenatal chemical insult. Am J Anat
132(3): 335-374, 1971 (Langman and Shimada).

Key study findings:

» 5-Azacytidine treatment as single (4 mg/kg) or repeated (2 mg/kg on day 13, 14 and
15 of gestation) administration during the later stages of fetal life, result in a shortage
of neurons and the presence of morphologically abnormal neurons.

Study no.: Not applicable

Volume #, and page #: Module 4.2.3.5.2.2
Conducting laboratory and location: published article
Date of study initiation: publish 1971

GLP compliance: No

QA reports: No

Drug, lot #, and % purity: Not reported
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Methods
Dose:
TABLE 1
Experimental schedule
N No. piegnmt m!cie sacé!ﬁced i
Group 0. xgie&nmt No. inj. x dosage (mg/ke) ours after injection o___‘_
treated Age of gestation in days 1 4 8 12 24 38 48 € e
1x4 1
X2 1
1 6 % _ 1 1 1 1
o 15 1%‘51 +HO thymidine 2 1 2 38 3 2 3
1 5 control 1 1 1 1 !
No. of offspring sacrificed in
e days Aftgr':i‘;'th .
1 3 s 16 15 3o 30 0
2% 3
Mhtadedl i 3
v 9 133 1 1
X% - 9
1 10
v 18 157515 4 4 7 9 9 15
Ixg .
17 2
V1 5 14,185,168 78 2 3 *
3x 4
¥ 5 9
VI 3 516 5 5 8 .
vin 13 control 7 12 11 11 1 18 17 13

Species/strain: Pregnant mice (DUB/ICR strain)
Number/sex/group: See table above.
Route of administration: IP
Study design: .
e The dose, treatment and sacrifice schedules were tabulated above.
e In Group 2 tritiated thymidine (6 pCi/gm body weight, Sp. Act. 6.7
Ci/mM) was given 30 to 60 minutes after administration of 5-azacytidine.
e In Experiment 1 (Groups 1-3) fetal brains were examined histologically
for abnormal mitotic figures or prepared for radioautography to trace *H-
labled cells.
¢ In Experiment 2 (Groups 4-8) animals were treated with 5-azacytidine or
saline (control) at 2 or 3 successive days of gestation and allowed to come
to term. Pups were sacrificed at various times after birth. The brains of
the pups were weighed, and the length and width of cerebral hemispheres
and the length of the longitudinal fissure were determined. Some brains
were also examined histologically.

Results

Mortality (dams): None reported

Clinical signs (dams): Not performed

Body weight (dams): Not performed

Food consumption (dams): Not performed
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Toxicokinetics: Not performed

Findings in the fetal brains: (excerpted from the article)

¢ The abnormal mitotic figures in the neuronal cells appeared as early as 3 to 4 hours
after treatment. They were found bordering the lumen of the ventricle, a few in the
subependymal layer, but none in the migratory zone or cortical plate. Usually the
chromosomes were clumped together, forming comma-and circle-shaped structures.
Sometimes chromosome breaks were observed.

o Eight to twelve hours after treatment the effect of 5-azacytidine was diminishing.
The affected cells moved away from the lumen toward the cortical plate, and a few
normal looking mitotic cells began to appear.

e Compared to the control, treated brains showed fewer labeled cells in the cortex. A
neuronal deficit has resulted from the treatment, although the authors state that it was
difficult to pinpoint the type of affected neurons.

Findings in the offspring brains (malformations, variations, etc.):

e The neocortex and the hippocampal region of the new born by treated mothers
contained fewer cells than the same structures in the controls. The thickness of the
cortical layers was less than in the control.

e Many neurons in these regions were morphologically abnormal. These cells were
spindle-shaped and had a dark, round to oval nucleus.

e “The length and width of the cerebral hemisphere and the length of the central
longitudinal fissure of the treated animals were considerably smaller than in the
controls. These differences were not significant at birth, but became evident in the
course in postnatal development.”

Summary of individual study findings:

An effect of 5-azacytidine on mouse brain development was demonstrated in the fetus as
well as offspring of the treated animals. A single and repeated short-term administration
of 5-AZ (2 mg/kg on days 13, 14 and 15 of gestation) during prenatal life caused severe
microcephaly after birth. No functional tests were performed in this study.

Study title: Embryotoxicity of 5-azacytidine in mice. Phase and dose-specificity studies.
Arch. Toxicol. 55: 143-147, 1984 (Schmahl et al.)

Key study findings:

e Increased embryolethality GD 10-14; maximum at GD 10.

e Increased malformations GD 10-12

¢ Dose-related embryotoxicity when administered on either GD 12 or 14.

Study no.: Not applicable

Volume #, and page #: Module 4.2.3.5.2.4
Conducting laboratory and location: published article
Date of study initiation: published 1984

GLP compliance: No

QA reports: No

Drug, lot #, and % purity: Not reported
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Methods
Dose:
Phase specificity experiments: 2 mg/kg
Dose dependency experiments: 0 (saline control), 0.5, 1, 2 and 4 mg/kg.
Species/strain: NMRI mice
Number/sex/group: not reported
Route of administration: IP; volume 0.2 ml/40 g bw
Study design:

¢ Evaluation of phase specificities:

The most sensitive day of pregnancy to 5-azacytidine was determined by

treating the dams either on days 10, 11, 12, 13, 14, 15, or 16 of pregnancy.
¢ Evaluation of dose dependencies.

These experiments were performed on day GD 12 and GD 14, low and

high sensitivity, respectively.

e The animals were sacrificed on GD 18 and the number of implantation
sites, resorptions, and living fetuses was counted in each litter. Litters
with less than four individuals have not been included.

Parameters and endpoints evaluated:

e The number of implantation sites, resorptions, and live fetuses was
counted in each litter, and the weights of the fetuses were determined.

¢ Histological evaluations were performed to evaluate fetal malformations
(see table below for details).

Note; tables from the article.
Results

Mortality (dams): None reported

Clinical signs (dams): Not performed

Body weight (dams): Not performed

Food consumption (dams): Not performed

Toxicokinetics: Not performed
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Findings in phase specificity experiments:

‘Table 1. Phase specificity experiments with 5-azacytiding (2 mghkg b.wt ) Compitation of the embryotoxicity data

Day of Implantation Liviag Resorptions/ Litters with Resosptions Resorptions Mean Hltter

treatment sitesflitter fetuscs implantation  resosptions Av. % a) por weights
Av. no. Av. vo. sltes (%) o) partially per [littor Beers (3 £ SEM)
per hitter per litter %) b) per

b) compleicly Haers
(%) with res.

- 382026 356 26182 1926(50.0)  590£92 100 12 17728

(Controls) 147124 137122 (6.3) 0 20041

10 33506 189 146338 25026 {96.1) 42865 56126 68229
129418 13131 43.6) 126 (3.9) 584428

11 42531 370 55/425 20731 (93.5) 126+ 8.2 1774 14 13.1226
13,7222 119t 24 (12.9) 0 1892 1.4

12 kivird} 2 351312 14121 (66.63 10694 166%13 15021
149217 13.2+ 1.8 {11.2) 0 250x14

13 447133 386 617447 21733 (63.6) 13285 185-1.6 13.1 220
13.5+19 1H7+£18 (13.6) 0 29812

14 372026 323 447372 2126 (80 7; 105242 1.69= 1.6 13.6425
14324 126123 (11.8) 0 209%13

1S 472732 433 39/472 13732 (40.6) 771381 1.22+1.4 17522
147224 13.5+24 (8.3) 0 30016

16 38628 356 30/386 14728 (50 0; 76=83 10712 17.1 222
138218 27419 {7.8) 0 21415

Summary of experiment findings:

Table 2. Phase spccificity experiments with 5-azacytidine (2 mg/kg
body weight). Frequency of malformatons (percent)

Treatment on day

10 11 12
Number of fetuses 189 370
Malformed fetuses (%) 124 (65.6) 320 (86.5) 5(1.8)
Malformed fetuses 4.7 4.1 10.3 + 3.8 02112
per litter
Fctuses with
Exencephaly 3 (1.6) - -
Cleft palate 91 (48.1) 142 (38.4) 3(1.1)
Defects of skull bones 67 (35.4) 30 (8.1) -
Rib anomalies 4 (2.1) 5 (1.3) -
Fusion of sternebrae 22 (11.6) 36 (9.7) 1(0.9)
Malformed ulna 81 (42.8) 1 (0.2) -
+ radius
Malformed tibia, fibnla 69 (36.5) 12 (3.2) -
+ femur
Frontpuw polydnctyly I (0.2) -
Frontpaw syndactyly 1 (0.5) 1 (0.2 -
Frontpaw 2 (LY 107 (28.9) -
a-‘oligodactyly
[lindpaw polydactyly 1 (0.5) i (0.2) -
Hindpaw syndactyly 1 (0.5) 1 (0.2) -
Hindpaw 2 (1.0) 194 (52.4) 1(0.4)
a-‘oligodactyly
Tail anomalies 4 2.1) 28 (7.6) -
Hematomas - 17 (4.6) -

The most sensitive response occurred when the pregnant mice were treated on day 10
of pregnancy (the first day dosed). Treatment on or after day 15 did not affect
embryolethality. Fetal weight (average/litter) was most affected on GD 10.
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Table 3. Phase specificity experiments with S-azacytidine (2 mg/kg
body woight). Froquencics of histopathological findings in tho
pre-tori fetuscs (day 18 p.c.) (porcont)

iagnosis Treatment on day p.c.

10 11 12 13
Numbe, of fetuses 26 31 2t 33
atnerved
Hypeplasia of the 25/26 13/3: 7/21 9/33
wincephatlon (96.1%) (41.9%) (33.3%) (27.3%)
Fhpoplasia of the 22726 4/31 3721 3/33
b sal gunglia (84.6%)  (12.99%) (14.3%) (©.1%)
Formation of 1726 2833 19721 4/33
wneytial cell (3.8%) (90.392) (90.4%) (12.1%)
wlands within the
ventticular zonc
Sunpial on6 2131 17/21 28033
heterotopins (0%) (6.5%) (80.9%) (84.83%)
Copiltary ectasias 126 14/31 4/21 0/33
and bemorrhagias (3.8%) (45 2%) (19.0%) (0%%)
Neerotic 226 17/33 6/21 133
canliomyooatlsy (7.7%) (54 §%) (28.5%) (30%)

Summary of findings:

e Malformations observed only on GD10-12. The malformation findings in the day 10
animals consisted of cleft palate, defects of skull bones, malformed ulna, radius, tibia,
fibula, and femur. Treatment on day 11 showed oligo-and adactyly of the front and
hind paws and large hematomas at the distal end of the hindpaws, in addition to the
occurrence of cleft palate.

e The histological findings, including severe hypoplasias of dorsal forebrain and the

basal ganglia were most often seen when dams were treated with 2 mg/kg azacytidine
on day 10 post conception. Findings occurred to a significantly lesser degree when

treatment on day 11 or 12. Other histological findings in the day 11 /12 treatment

groups included small capillary ectasias, hind paw hematomas, and extensive necrotic

cardiomyopathy. No concurrent or historic control values were presented in the

article. Litter incidences were not reported.

Findings in dose-dependency experiment:

Tuble 4. Do dep y Cxperimonts with S-azacytidine. Complletion of the cbryouisity duta
Day of Tmplantation Living fetuses Resorptions! Litters with Resorp Resorp
trentment sitesAlitter Av no impl ! Pt Av % a) per Niters
(dose, mpkg) As. 00, por Buer sites (%) o) purtinlly (%) per liter b) per tinters
per liter b) completely (%) with res.
- 38236 k] 26182 13126 (50.0) 59% 02 100432
(Coazrok) MIE2Y 17222 9 0 O 20030
12(0.5) 30422 m 26304 12/25 (46.1) 822 9.7 118412
13818 BIx1Y (8.5) L)) 237317
1210 244 @1 33324 14724 (38.3) 971 %2 137439
135%1S 130£15 (16.2) [ () 23214
1202.0) mm m 35312 14723 (64.6) st 04 16713
14917 132418 (1.2 [ (V)] 25018
12(4.0) 26820 155 1137268 1720(83.0} 451265 566516
B4x19 12817 (42.2) 20 (15.0) 665123
OS5 296721 m 247296 R21 (38 1) 792 68 114 £ 1.3
.1£16 1Bax19 [CR)) [ ) 300416
w00 nvs 35 28313 10723 (43.5) RSt 6.8 12+12
13616 12920 89 [} 28018
14(2.0) k1e77:3 328 Hon 2126(807) 18+ 42 169 ¢34
143424 N6+£23 g L)) 210216
14(4.0) 310024 218 21310 20724(83 3 2702122 383%19
129217 R4x19 0.7 44067 46017

—
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Comment: A

e Treatment on day 12 or day 14 with 0.5, 1, 2 or 4 mg/kg of 5-azacytidine exerted a
dose-related embryotoxicity, as well as fetal weight reduction. In the day 12 group,
mean fetal weight reduction was significant at greater than 0.5 mg/kg 5-AZ. The
reduction was significant in all four treated groups in day 14 group.

Summary of individual study:

e The main effects of 5-azacytidine treatment on embryo-fetal development were
growth retardation (embryotoxicity) and the occurrence of malformations. Both
variables were dose related, “especially with regard to the resorption rate, weight
increase, bone malformations, and brain malformations.”

e These variables were also dependent on the time of treatment. For instance,
intrauterine lethality (% of resorptions/implantation sites) was greatest when the
treatment was on day 10 while other phase specific effects (skeletal abnormalities,
CNS abnormalities, and the appearance of capillary ectasias, hind paw hematomas
and necrotic cardiomyopathy), were observed when dosing was between day 10 to
day 13 of gestation.

e Other important histological anomalies were vascular dilatations and myocardial
necrosis (according to the author, resembling partly the clinically observed
rhabdomyolysis after therapeutic applications of this drug to man).

Study title: Effect of 5-azacytidine administration during very early pregnancy.
Fundamental and Applied Toxicology, 23: 429-433, 1994 (Cummings).

Key study findings:

* Dose-dependent embryotoxicity occurred when 5-AZ was administered to rats during
Days 1-8 of pregnancy. These toxicities, including decreases in offspring survival,
fetal weight and increase of incidences of malformations (microphthalmia and
exencephaly), were evident on Day 20, but not on Day 9 of pregnancy.

¢ Postimplantation exposure to 5-AZ produced an increase in resorptions and a
decrease in fetal survival and fetal weight, with no gross external malformations
evident.

Study ne.: Not applicable

Volume #, and page #: Module 4.2.3.5.2.1

Conducting laboratory and location: published article

Date of study initiation: published 1994

GLP compliance: No

QA reports: No

Drug, lot #, and % purity: 5-azacytidine (5-AZ) (Sigma); lot 19F-0118.
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Methods

Dose;

Early pregnancy protocol (Day 9) and developmental toxicity study (Day 20):
0 (saline control), 0.15, 0.3, 0.6, and 1.2 mg/kg/day
Pre- versus postimplantation study: 0.5 or 1 mg/kg on Days 1-3 or on Days 4-
8. Saline was given to the other 3 days on which no 5-AZ was administered.

Species/strain: Female Holtzman rats at 60 days of age

Number/sex/group: n=8/group. The number of fetuses in each endpoint evaluated
was shown in respective tables.

Route of administration: IP at injection volume of 0.4 ml/kg body weight.

Study design:

Early pregnancy protocol:

5-AZ was administered on Days 1-8 of pregnancy and the pregnant rats
were killed on Day 9.

Developmental toxicity study:

5-AZ was administered on Days 1-8 of pregnancy and the pregnant rats
were killed on Day 20.

Pre- versus postimplantation study:

5-AZ was administered on Days 1-3 or days 4-8 of pregnancy and dams
were killed on Day 20.

Parameters and endpoints evaluated:

Early pregnancy study:

Measurement of potential maternal toxicity: body weight, trimmed uterine
weight, number of implantation sites, number of resorptions (sites
exhibiting extravasation of blood), implantation site weight (sites trimmed
of intersite tissue and weighed), trimmed ovarian weight, and number of
corpora lutea (CL).

Serum for the assay of progesterone, estradiol, and luteinizing hormone
(LH, sensitivity 15 pg/tube) by radioimmunoassay.

Developmental toxicity study:

Maternal weight, trimmed uterine weight, number of live fetuses and
resorptions, fetal weight, gross external abnormalities of fetuses, trimmed
ovarian weight, number of CL in the uterus.

Pre- versus postimplantation study:

Fetuses and maternal tissues were evaluated as in the developmental
toxicity study.

Note: figures and tables are from the article.

Results

Mortality (dams): None reported

Clinical signs (dams): Not performed
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Body weight (dams): see in the individual tables below

Food consumption (dams): Not performed

Toxicokinetics: Not performed

Findings in early pregnancy protocol:

TABLE 1
Early Pregnancy Protocol and 5-Azacytidine Effects in Rats*
Dase (mg/kg/dey)

Parameter? 0 0.13 03 0.6 1.20
N 3 ] 3 8 ]
Maternal body weight gain {g) 165220 200x17 179133 10.¢ 1.8 129221
Trpiantaion ees (N0} 130107 131307 25«05 116205 133204
Resorpuons (No.) 64403 00100 0303 13206 04203
Implanistion site weight (mg) n=zy Hres H3x3 10924 10324
Scrum progesterone {ng/ml)* 806 86210 [ 3] §623 6926
Serum enradiol (pg/miy 102 $x2 822 62 $x)
Serum LH (pe/mly 309 £ 48 283 ¢ 42 219 1) 2565+ 33 2R4 2 40

“ Doaes of S-azacynidine, as indicated, were admin: 4 oo Days 3-8 of preguancy.

*All pammctuxmnmd follomngm(hnmnmbay 9 of pregnancy. Data are expressed as the mean = SE. No significant differences between
treated and control groups were found for any parameter listed,
* Serum wis collected on Day 9, frozen, and aseayed for hormones by RIA.

Comment: treatment of 5-AZ on days 1-8 of pregnancy did not cause significant effects
on dams or fetuses when assessed on Day 9.

Findings in developmental toxicity study:

TABLE 2
Evaluations on Day 20 of Pregnancy after Early Pregnancy Exposure of Rats to 5-Azacytidine
Doss {mg/kp/day)
Parameter® 0 0.15 0.30 0.60 1.20
N B 8 8 8 8
Maternal body weight gain (g¥ 4214 4123 85x2 B2 24 33
Ovarian weight (mg/peir) 0=zs 10524 1224 WS 10328
Pregnant vterine weigh (g) HEL] 63~38 442 10 21 10 2205
No. corpors lutea 12204 12203 1219 13208 14207
'Domd&mcytidine,mndmud.madmmedwm:onbm 1-8 of pregnancy.
& All parameciers were th of the dams on Day 20 of pregnancy. Data ars expressed as the mean + SE.

¢ Extrauterine body weight gain, Days I-w difference betweea the weight of the dam on Day | and the weight of the dom on Day 20 without the
uerus,
= Rignificantly different from vehicle-treated contenls (p < 0.05).
## Significan(ly different from vehicle-treated controls (» < 0.005).

Treatment of 5-AZ on Days 1-8 caused dose-related reduction of trimmed uterine weight
when dams were killed on Day 20 of pregnancy. The other maternal toxicity was
significant weight gain reduction at higher dose levels. Other parameters, e.g., ovarian
weight and number of CL, were not different from the control.
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"TABLE 3
Malformations Found Following $-Azncytidine Exposure
of Rais during Early Pregnancy*

Doss {my/ke/day}
Malformation® ] Qs 030 060 120

Umbdicel heeoia /89 087 161 126 Nofewses
Micophthalmia /89 O/87  3/61*  25*  No fwses
Hydrops 089  O/8T i1 026 Noluse
Esencepbaly 089 O/87 4461 0726 NNofetuaes

? Doses of S-azacyticine, as indicated, were administered on Days 1-8of

? Fetuses were ined forgr § Fcs sfier :m
the dams on Day 20 of pregnancy. Data are expressed as the totel pumber
of Rtoses showing each maiformstion/the tots! sumber of fetuses per
teeatment groap.

* Significantly different from vehicle-treated controls (7 < 0.08)

FETAL WEIGHT (Q)

[ 0.18 0.30 2.80 10

DOSE OF 8AZ (MG/KG/DAY)

FIG. 1. Effect of 5-azacytidine on pregnancy outcome in rats. Dams
received 5-azacytidine at the doses indicated during Days 1-8 of preg-
nancy; evaluations were performed on Day 20. (A) Fetal survival and inci-
dence of resorptions. (B) Fetal weight. Data are shown as means = SEM. *p
< 0.05 and **p < 0.005, significantly different from vchicle (0)-treated
controls.

5-Azacitidine caused a dose-related severe reduction in the number of surviving fetuses
and in weight of live fetuses. There were no surviving fetuses at dose level of 1.2
mg/kg/day. Two malformations were significantly more evident (from the 0.3 mg/kg/d
group) than the control: microphthalmia and exencephaly.

Findings in pre- versus postimplantation study:

TABLE 4
Pre- vs Postimplantation Exposure of Rats to S-Azacytidine: Evaluation on Day 20 of Pregnaucy
Dose* (days)

Parameter® 0 0.5(1-3) 0.5(4-3) 1.00-3) 10 (4-8)
N 3 8 8 ] 8
Maternal body weight gain (g) 363 4043 “4x 3 aAzh Bx 6
Ovarian weight (mg/pair) 59z 10744 100 4 1043 80 7
Pregnant uterine weight {g) HEL) 5% 5011 N6 22 % 130
No. corpora lutea 14£03 1306 13z 04 13204 13z 07

¢ Doses of 5-azacytuding, in mg/kg/day, were administered to rats on Days 1-3 {preimplantation interval) or Days 4-8 {postimplantation isterval) of

prognancy.
® All parameters wers assessed on Day 20 of pregnancy. Data are expressed s the mean = SE.
¢ Extrauterine body weight pain, Days 1-20, difference between the weight of the dam on Day | a1d the weight of the dam on Day 20 without the

vlerus.
** Significantly different from vehicle-treated controls (p < 0005).

Treatment of 5-AZ during the preimplantation interval (Days 1-3) had no effect on the
number of surviving fetuses, the number of resorptions, or fetal weight (figure below).
The pregnant uterine weight was not affected. Treatment during postimplantation
interval (Days 4-8) at the dose of 0.5 mg/kg/day reduced fetal weight. Higher dose
treatment (1 mg/kg/day) during this interval resulted in a significant reduction in fetal
survival and an increase in the number of resorptions, but no effect on fetal weight.
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Pregnant uterine weight was significantly reduced by this treatment, but neither ovarian
weight, the number of CL, nor gross external malformations were affected.

° 0513 0543 1013 1.0;48
SAZ TREATMENT (MG/KG/DAY; DAYS)

F1G.2. Pre-versus postimplantation exposure to 5-azacytidine in rats,
Dams received 5-azacytidine on Days -3 (preimplantation period) or
Days 4-8 (postimplantation period) at cither 0.5 or 1.0 mg/kg/day and
were evaluated on Day 20. (A) Fetal survival and incidence of resorption.
(B) Fetal weight. Data are shown as means + SEM. *p < 0.05 and **p <
0.005, significantly different from vehicle (0)-treated controls.

Summary of individual study:

Treatment of 5- azacytidine during early pregnancy (Days 1-8) resulted in dose-related
embryo- as well as maternal toxicity when observed on Day 20. The former was shown
as reduction of surviving fetuses, fetal weight loss and fetal malformations (mainly
microphthalmia and exencephaly), and the latter, decrease in maternal body weight gain
and reduced pregnant uterine weight. Reduction in living fetuses and high incidence of
resorption may also contribute to the decrease in uterine weight.

The embryotoxic effect of 5-azacytidine was related to gestation day exposure. Exposure
of rats to 5-AZ, 0.5 mg/kg or 1 mg/kg, during postimplantation interval was embryotoxic.
Treatment of 5-AZ at 0.5 mg/kg/day caused significant reduction in fetal weight and 1
mg/kg/day resulted in reduction of pregnant uterine weight, fewer surviving fetuses, and
increased number of resorptions. In this study (pre vs post implantation dosing), an
increase in resorptions was observed without a significant change in maternal body
weight gain, indicating a developmental toxicity without maternal toxicity.

122




Reviewer: Shwu-Luan Lee NDA No. 50-794

Study title: Teratogenicity of 5-azacytidine in the Sprague-Dawley rat. J Toxicol
Environment Health, 29: 201-210, 1990 (Rosen et al.).

Key study findings:
e 5-Azacytidine was embryolethal, caused reductions in fetal weight, and affected fetal
development.

Study ne.: Not applicable

Volume #, and page #: Module 4.2.3.5.2.3
Conducting laboratory and location: published article
Date of study initiation: published 1990

GLP compliance: No

QA reports: No

Drug, lot #, and % purity: Not reported

Methods

Dose:
0 (saline control), 0.5, 1, and 2 mg/kg/day

Species/strain: Time-pregnant Sprague-Dawley rats (60-90 d of age).

Number/sex/group: n=6/group in 5-AZ treated group, and n=5/group in control
groups. The number of fetuses in each endpoint evaluated was shown in
respective tables.

Route of administration: IP; volume 0.1 ml.

Study design:
Treatments of 5-azacytidine were administered on one of 4 days of gestation
(d9, 10, 11, or 12). Dams were killed on gestation d 20 and litters were
removed and weighed.

Parameters and endpoints evaluated:
Maternal effects: number of pregnant, average live fetus per litter, average
dead fetus per litter, average fetal weight per litter, and fetal abnormalities.

Note: Tables are from the article.
Results

Mortality (dams): None reported

Clinical signs (dams): Not performed

Body weight (dams): Not performed

Food consumption (dams): Not performed

Toxicokinetics: Not performed
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Effect of 5-AZ on fetal survival and fetal weight when administered on various day of

gestation:

TABLE 1. Effact of S-\Axacytidine on Fetal Survival and Average Fetal Weight Following Exposure on Days 9 and 10 of Gestation®

Day 9 exposure (mg/kg) Day 10 exposure (mg/kg)
Observation [ [ 13 1 2 ] oS 1 2
Number bred s 6 6 6 5 6 6 [
Number pregnant s H 5 6 H 6 2 4
Average live per fitter 128405 MOo+.04 20208 12207 W22 05 £16 35k155 8038
Average dead per fifter 02402 0 1M2213" N3214 06106 30215 9so0sb s5£32

Average fotal weight per Btter 437 2 0.10 408 % 0.11% 3722013 297 £ 020" 4.48 £0.09 3312025 zsat(m" 311 2 031°

*Averages are mean X SE,
“Different from controls (p < .05).

TABLE 2. Effect of S-Azacytidine on Fetal Survival and Average Fetal Weight Following Exposure an Days 11 and 12 of Gestation®

Day 11 exposure (mg/kg) Day 12 exposure {mglkg}
Obsesvation ° o5 ] 2 1] 0s 1 2
Number bred 5 6 6 6 H 6 6 [
m"ﬁ;’:ﬂp‘:‘“m ;0 *26 1:.8 * 14 1:.0 *19 1:4 07 : : : :
Awerage dead per litter 12£10 1305 12219 1.6+ 06 13.%:&; ;3.5 =04 126:10 1:3:8?5

Average fetal weight per litter 4532029 3.2%023 3W 202 332£025° 4531007 4022017 3&7:«.-007" 367 £ 007

*Averages are mean * SE.
bpifferent from controls (p < 08).

Summary of effect of 5-AZ on fetal survival and weight:

e 5-Azacytidine was embryotoxic, causing embryonic death at 1 and 2 mg/kg on
gestation d 9 and 10. This effect was most pronounced on d 9 where 2 litters in the 1
mg/kg dose group and 4 litters in the 2 mg/kg group were totally resorbed.

e Average fetal weight decreased when treatment was on d 9 or d 10 and the effect was
dose-related. When treatment was on d 11 or d12, the effect of 5-AZ was not even in
all the treated groups, i.e., some treated groups did not have significant reduction in
fetal weight compared to the control.

TABLE 3. Inudence of Fetal Anomalies Following Exposure to 5-Azacytidine on Days 9 and 10 of Gestation

Day 9 exposure (mg/kg) Day 10 exposure (mg/kg)

Necropsy observations
{fetusesflitters) 0 0S5 1 2 [ 0.5 1 2
Number examined 64/S 705 10/3 7”2 6675 8246 " 3244
Exencephaly-encephalocele 0 M an & ] " n 22
Micromelia [} 1] L] 0o 0 [} [ 42
Chub foot 0 0 0 0 [} an n [
Syndactyly [ " n 0 ] 2] (] 0
Oligodacnly 0 " ] [ 0 22 0 "
Micrognathia 0 0 0 1} ) " ] 0
Gastroschisis 0 " [ 0 0 b5 an n
Edema 0 0 0 0 [} [ 0 "
Fused ribs ] 0 0 1] ] 2% o 13°
Missing ribs 0 - M [ 4 0 " "n 2
Wavy ribs 14 -0 0 0 (] 1272 a7 e
Extry ribs or ossifications 62 34/5* 52 h " w5t ] 132
Average number ossified sternebrac

per litter (mean £ SE) 57402 58+01 49403 43308 59301 39%06 2408 23%13

*Different from controls (p £ 05).
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TABLE4, Incidence of Fetal Anomalies Following Exposura to S-Azacytidine on Days 11 snd 12 of Gestation

Day 11 exposure (mg/kg) Day 12 exposure (mg/kg)

Necropsy observations
Hotuses/ivers) ] 03 A} 2" 0 0s 1 2
Number examined 4515 L~/ 666 5715 454 6 (7] 3
Exencephaly-encephalocele 0 0 L4 22 [} 0 0 0
Micromelia ] ] '] 4/3 [\] 5n 0 0
Club foot [] 0 " 0 0 12 4:4‘4. 162
Syndactyly 22 0 n 3 0 an H T2
Oligodacytly o 0 4 2 0 41 25m* 92
Micrognathia 0 w3 w3’ s 0 0 n 0
Gastroschisis ] [} ] 2N L] 0 0 [}
Edema 0 0 0 % 2 0 [} ) 0
Fused ribs, 0 " %2 2 0 0 0 o
Missing ribs W 13 2 L0 [} 0 n 4
Wavy ribs " 0 ] " " "0 0 0
Extra ribs or ossifications 0 0 L] 0 22 22 W "
Average number ossified stemebrae

per litter (mean £ 58 5801 57x02 57103 394+08° 58%01 5801 52%203" 5401

*Different {rom controls (p < 05}

Summary of teratogenic effect of 5-AZ:

Exencephaly-encephalocele: most prominent in 1 and 2 mg/kg groups when treatment

was on d 9, despite the high mortality rate in these groups that made the estimation

difficult. The findings were also seenond 10 and 11.

Extra ribs or ossifications: “supernumerary ribs ranging in size from approximately

one-half of the thirteenth rib to minute ossification sites were increased on d 9 and

10.”

Limb anomalies:

* Micromelia: 2 mg/kg group exposed on d 11 and associated with the most
severely affected fetuses. "

» Club foot, syndactyly and oligodactyly: in d 12 treatment groups and the
difference was significant in 1 mg/kg group compared to the control.

Other anomalies:

=  Micrognathia and missing ribs: in d 11 treatment groups. “No gaps in the

alignment of the ribs were noted, indicating that the missing rib was either the

first or thirteenth.”

Gastroschisis: noted from d 9 to d 11 but highest on d 10.

Fused and wavy ribs: at all doses ond 10 and 11.

Severe general edema: in 2 mg/kg groupond 11.

Delay in sterebral ossification: treated groups ond 9, 10 and 11. .

Average number of ossified sternebrae per litter: significantly reduced in 1 and 2

mg/kg groups on d 9, all treated groups on d 10 and 2 mg/kg groupond 11.

Summary of individual study:

5-Azacitidine was teratogenic with findings varying depending upon day of dosing. The
findings are probably unrelated to maternal toxicity. While maternal body weight was
not measured in this study, in some studies similar dose levels administered to non-
pregnant or pregnant rats resulted in no body weight changes (e.g., see p 92 and 121 of
this review). In another study body weight changes were observed in pregnant rats (table,
p 120). 5-Azacitidine was administered repeated in these studies, in contrast to the single
dose administered in this study.
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Prenatal and postnatal development

Study title: Enhanced mortality in offsprings of male mice treated with 5-azacytidine
prior to mating. Morphological changes in testes. Neoplasma 23: 53-60, 1976
(Seifertova et al.)

Key study findings:

e 5-Azacytidine administered to male mice prior to mating resulted in their decreased
fertility and in the loss of offsprings at different periods of embryonic and postnatal
development.

Study no.: Not applicable

Volume #, and page #: Module 4.2.3.5.3.1

Conducting laboratory and location: published article
Date of study initiation: published 1976

GLP compliance: No

QA reports: No

Drug, lot #, and % purity: Not reported

Note: the figure and tables are from the article.

Methods
Doses:
Histology and cytology of testes: 3 mg/kg/day x3d
Induction of embryonic lethality: o 3.3 mg/kg/day x3d; ¢ 3.3 mg/kg/ond 11-
13 of pregnancy
Evaluation of perinatal and postnatal mortality: 3.3 mg/kg/day x3d
Effect on fetal resorption: 1, 3 and S mg/kg
Species/strain: mice, random bred strain II (32-38 g)
Number/sex/group: See below “study design”
Route, formulation, volume, and infusion rate: IP injection
Satellite groups used for toxicokinetics: Not performed
Study design:
e Histology and cytology of testes.
Males were administered 5-azacytidine and then received colchicine (40
pg/mouse) 24 h after the last injection. The animals were killed 5 hours afier
colchicine and testes removed and processed for the histology and
chromosomal analysis.
¢ Induction of embryonic lethality:
Females (n=9/group) were mated with treated males (dx3, mated 24 h after
last dose; n=3/group) on 7, 14 and 21 days post-treatment with 5-azacytidine
(3.3 mg/kg). Females with vaginal plugs were sacrificed for uterine analysis
ond 14-16. Females dosed daily on d 11-13 of pregnancy and sacrificed on d
14 for uterine analysis were mated with untreated males.

126




Reviewer: Shwu-Luan Lee i NDA No. 50-794

o Evaluation of perinatal and postnatal mortality:
Males were given either 5-azacytidine (n=9) or saline (n=6) for three
consecutive days, and 24 hours after the last injection one male was caged
with three females. The day of probable fertilization was determined
according to the date of birth.

e Resorption of fetuses following S-azacytidine:
Exp l.a. 5-Azacytidine was given daily to dams on days 11-13. Resorptions
were assessed on d 14 of pregnancy. In this segment females were bred with
untreated males.
Exp 1.b. Treated males were caged with females (IM + 3F) 24 h after the last
injection. Pregnancy day 1 was determined according to the presence of
vaginal plugs. Female mice were sacrificed after 14 days.
Note: There was no information in the article about the control, e.g., untreated
females mated with untreated males, which gender received saline, number of
the animals.
Exp 2. Effect of the time interval on resorption of fetuses.
5-Azacytidine (3 mg/kg/day) was given IP to groups of 9 males on 3
consecutive days. The males were mated 1, 2, 3 and 4 weeks later and after
18 days the pregnant females were sacrificed.
Note: There was no information about the number of untreated males

(control).
Results
Treated males

Histological findings in testes of 5-AZ-treated mice:

5-Azacytidine interfered with mature spermatozoa and spermatids at later stages of
their development. A disorganization of the cellular pattern of seminiferous
epithelium was noted. The authors report that “in the lumina of affected tubules the
association of cells of different maturation stages was distorted, and empty spaces
were formed between the cells localized on the basement membrane and the
succeeding generations of cells.”

Chromosomal analysis of spermatogonia: unremarkable
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F, litter data:
e Induction of embryonic lethality

Table 1, Embryouio lethality in progeny of males snd fornales trmated by S.neacytidine. Tho drug (8.3 mgfkg) was sdministered to

H i 3 s groups
after 14 days for unterino '
Waring post- Numbor of femalca Total imnplantes awong for- Living emabryos among lf“? me ;:‘“ﬁ‘:f
treatmany tle fomalw Tortile fernak *
duys matod  proguans % Drtite oated
Control 9 8 8.7 4 1.1 8904 09 1.6 100 100
Fumalos 9 8 9.8+ 1.0 48+ 08 380 80.0 85,1
L7 9 4 5.3 1.8 3.7 4 068 28.5 45.2 20.5
Fs14® '] '] 5.6 = 0.4 4.8 1 0.4 17.6 574 38.7
14210 9 7 744 1.3 6.5 4 1.6 LS 85.0 45.1
21280 ] 6 88 +1.2 81311 5 101.0 9.2

aP < 0002, — YMales treated with 3-azacytidine.

* Females mated with males treated with 5-azacytidine showed a decrease in the
average number of live embryos when mating was within 1-7 days of dosing.

e Evaluation of perinatal and postnatal mortality

Table 2, Litter #1zes at birth and weamng in offsprings from 5-azacytidine treated males. Males

received 5-azacy tuline (3.8 mg/kg) on 3 consecutive days and were caged with females (1 malo

aith 3 females) 24 h after the last injection. The day of fertahzation was determined according
to the time of birth

Moan
Number Females litter.size Lethahty factors %
)l“h:‘gfo“ttm“' of with
ment Ce¥s females implants 1 day 21 days Jday  21days
Control 18 11 6.9 + 1.1 6.5 + 1.3 0 0
17 18 10 598 = 0.9 2.6 + 1.0b 15 60
8—13 9 4 7.6 + 22 4.5 + 2.5 —1 31

live offsprings female in experimental grow
8 Lethality factor % = 1 — o per ks X 100.

live offsprings per ferale in eontrol groups

b P < 0.002.

= Mean litter size was decreased in the day 1-7 treatment group at 21 d.
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Resorption of fetuses following 5-AZ

o
=3
1

»
©
1

10~

RESORPTION OF FCSETUSES, Yo
RESORPTION OF FOETUSES, %

1 2 3 s
S~ AZACYTIDINE, WEEKS AFTER S~AZACYTIDINE
D CONTROL § D CONTROL NALES
B rreateo maces ﬂ 5-AZACYTIOINE - TREATED
MALES

TREATED PREGNANT FEMALES

Tig. 1. Enhanced resorption of mouse foetuses n relation to the dose level of adminis-
tered 5-azacytidine to males or pregnant females. 5-Azacytidime (mgfkg) was given 1. p.
to groups of 6 males or 18 females on 11, 12 and 13 days of pregnancy. Males werc mated
24 hr after the last treatment with the drug. The number of resorptions was counted on
day 14 of pregnancy and i3 expressed as per cent of total foetuses m the control.
Fig 2 Effect of the time interval betwoen the administration of §-azacytidine to males
and their mating on the number of resorbed foetuses. 5-Azacytidine was given i. p. to
groups of 8 males on 3 consecutive days at a dose level of 3 mg/kg. The males were mated
1, 2, 3 and 4 wceks later and after 18 days the pregnant females were sacnficed. The
number of resorbed foetuses was evaluated, and i8 expressod as per cont of total foetnges
m the control.

5-Azacytidine increased resorption of fetuses in a dose-related (males and females) and
time-interval (between the treatment of males and their mating) related manner.

Study Title: 5-Azcytidine-induced exencephaly in mice. Takeuchi and Takeuchi. J Anat
140 (3): 403-412, 1985. Article summary.

For the evaluation of the teratogenicity of 5-AZ, pregnant Slc:ICR mice received 1 mg/kg
5-AZ by a single IP on Day 6.5, 7.5, or 8.5 gestation. On Day 18 the females were killed
and live and dead fetuses were counted. Live fetuses were examined for malformations.

One mg/kg 5-AZ treatment on Day 8.5 caused a significant increase in the mean fetal
death rate, but no significant increases if the treatment was on Day 6.5 or 7.5. Significant
decreases in fetal weight occurred in all groups treated with the drug. The mean
malformation rates were significantly greater in the group treated on Days 7.5 and 8.5.
Types and incidences of 5-AZ induced malformations are shown in the table below.
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Table 1. Effects of 5-azacytidine on the development of mouse fetuses

Gestational Number Number  Meanfetal Number  Mean fetal Mm
day of of of denthrate  oflive  bodywolght:  mation rage.
treatment  litters  implantations %) fetuses mean+3s.p. (g) %)

5-azacytidine (1 mg/kg) T
65 10 138 152488 117 1-191+0-10* 42454
75 10 126 27-8+170 91 1124+0-14* 93:3+9.0+
85 10 138 73-8+17-6% 35 117+ 0:08* 41-14 3894
Distilled water (control) -
75 10 143 141153 122 1381008 26454
* P < 0-01 compared with the control,
1 P < 005 compared with the control.
e ——

Table 2. Types and incidence of external malformations in mouse fetuses
after exposure to 1 mg/kg S-azacytidine

Gestational day Controls
- A ~ treated
65 75 85 with water

Total number of Live fefuses 117 91 35 122
Total plnbet of malformed fetuses 5 84 13 3
Escpcppnaly 1 83 4 —
Facephstocoele 1 1 — —
Eye snomalies t 48 3 —_
Microhs —_ 1 — —
Cleftpalare 3 — s 2
Umbjliesl hernia _ —_ 1 —
Digita} anomalies — _— 3 —
Abnofimal tail — - 2 1

3.4.7 Local tolerance

Study title: Cutaneous irritation in the topical application of 5-azacytidine (NSC
#102816) to New Zealand white rabbits, Murphy et al., NCI contractor’s report #RIPS-
CIPA-102816-13-76. Study done: 8/9/76-8/12/76. (Module #4.2.3.6.1)

The skin irritation and organ toxicity potential of topically applied 5-AZ was evaluated in

New Zealand white rabbits (n=3/sex/group). Three concentrations of 5-AZ (1, 3, and

9%) in 1% methyl cellulose (diluent) were applied to the skin on the dorsal surface.
After 224 hours the sites were cleaned, read, and scored according to the Draize scoring
system. The rabbits were necropsied and skin and internal organs (kidney, liver, spleen,
femur, bone marrow, large or small intestines and ovaries or testes) were examined
histopathologically. Mild skin irritation was noted at a concentration of 9% of 5-AZ, but
the irritation was reversible. The primary irritation indexes, PII’s, was 1.5, as compared

to the PII’s of the control and the other two concentrations was <1. “These scores are not
sufficiently large by Draize criteria to assign primary irritant properties.” (quote from the

report). The histopathological evaluation also supported that 5-AZ caused mild skin
irritation (subacute inflammation: plus 1-2, chronic inflammation: plus 1, no different

from the diluent control). The following table summarizes the PII’s result:
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TABLE 2
Primary Skin Irritation Potentia) of 5-Azocytidine

Compound Conc. (%) PII*

5-Azocytidine 9 1.5
3 0.8
1 0.9
Methyl cellulose 3 0.1

(dituent)

* PIl-~-Primary irritation index, calculated
according to the method of Drafze (1944).
The original histopathological report (Table 4) of internal organs was missing from report
copy from NCI. According to the authors: “No lesions, either macro- or microscopic,
were noted....... ”, thus topically applied 5-AZ did not cause observable acute organ
toxicity or primary skin irritation.

e The effect of 5-azacytidine on microcirculation in hamster cheek pouch has been
reviewed by Dr. Almon Coulter (Appendix A) (Palm and Kensler, NCI Contractor’s
Report # PH-43-65-61, 1970, Module # 4.2.3.2.2)

3.4.8 Special toxicology studies

Study title: Isolation, characterization, and properties of a labile hydrolysis product of
antitumor nucleoside, 5-azacytidine. Beisler, J Med Chem 21 (2): 204-208, 1978.
Modules #4.2.2.4.1/4.2.3.7.6.1

In an aqueous environment, both in vivo and in vitro, 5-azacitidine underwent a
spontaneous hydrolysis and resulted in an equilibration with a labile product, n-
formylguanyl-ribosylurea (RGU-CHO), and finally the irreversible formation of
guanylribosylurea (RGU). These components were isolated and identified by HPLC
following analysis of 24 h-old water solution of 5-AZ. “RGU exhibited no pronounced
toxicity when tested either in vitro or in vivo. Although RGU-CHO showed considerable
antitumor activity against murine L1210 leukemia, hydrolysis studies indicated that all of
the observed activity could be attributed to 5-AZ formed by in vivo equilibration from
RGU-CHO.” The following figure proposes the scheme of 5-AZ hydrolysis:
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3.6 OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

The pharmacological findings reported in the literature to investigating the mechanism of
action of 5-AZ as an antimetabolite and cytotoxic agent, as well as studies investigating
pharmacokinetics, general toxicity, genotoxicity, carcinogenicity, and reproductive and
development toxicity of 5-AZ were submitted to NDA 50-794. Although most studies
were published journal articles that predated Good Laboratory Practices (21 CFR Part
58), and the study design and data obtained do not conform to current ICH guidelines, the
submission is adequate to support the use of Vidaza for the proposed indication.

The administration routes in the pharmacokinetics studies were IP and IV, and in
toxicology studies were oral, IP and IV. The proposed clinical administration route,
subcutaneous injection, was not used in any of these submitted studies. However, clinical
pharmacokinetic data have indicated comparable plasma PK profiles for IV and
subcutaneous (SC) routes in humans. The plasma Tnax Was approximately 0.5 h for SC
and 2 h for IV; plasma half-life was 4.2 h for SC and 3.5 h for IV. (quote from Dr.
Coulter’s review, Appendix A) Nevertheless, it is worth-mentioning that metabolism of
5-AZ displayed a species discrepancy, i.e., 5-AZ is more stable in the mouse liver S9
fraction compared to human.

The distribution of 5-AZ to the mouse blood was rapid after IP administration. The
concentration peaked shortly after administration and depletion was rapid. The estimated
Tmax Was 15 min and Cp,y at this time was 0.3-2 pg/ml, with t,/, estimated at 3.8 hours.
Although the analysis of tissue concentration in the distributed organs was compromised
by the sensitivity of the methodologies employed at that time, the distribution pattern can
be correlated to some non-clinical findings:

132




Reviewer: Shwu-Luan Lee NDA No. 50-794

1. There was minimal distribution to the CNS, but the amount of 5-AZ could be
influential, since clinical observations in mice showed hypoactivity, ataxia, impaired
righting reflex and prostration after a single or repeated IV administration.

2. The higher concentration and longer retention in lymphatic organs (e.g., spleen and
thymus) may reflect blood distribution to these tissues. Alternatively, this
distribution may also explain the observation that lymphoid tissue is a target of 5-AZ
toxicity (e.g., increased extramedullary hematopoiesis in spleen in mice, degenerative
changes in bone marrow and lympbhatic tissues in dogs, and lymphoid hypoplasia of
the lymph nodes and spleen in monkeys).

3. In female weaning — pigs, kidney and liver had the highest specific
activities of radioactivity following IV administration (Appendix A). Liver and
kidney were also target organs of 5-AZ toxicity. The histopathological findings in
these two organs after single dose of 5-AZ included: cloudy swelling and focal
necrosis of kidney tubule epithelium, reduced hver glycogen, and other minor
degenerative liver lesions (IP to mice), increased hepatic neutral lipid at doses of >
310 mg/m2 (IV to rats), and early degenerative changes in the kidneys and liver (IV to
dogs).

4. The carcinogenicity studies in rodents reported that 5-AZ increased incidences of
tumors in the hematopoietic system (BALB/c mice), lung, lymphoid tissues, skin and
mammary gland (B6C3F1 mice), and testicular tumors (Fisher rats). The findings
could be attributed to organs containing rapidly dividing cells, thus sensitive to 5-
azacitidine toxicity. The distribution and retention of 5-AZ to some of these organs
may also be a factor.

5-Azacitidine and its metabolites were mainly excreted in the urine. In mice, within 6-8
h 50% of the compound (5-azacitidine and its decomposition products) was excreted,
increasing to ~60% by 24 h. In a separate mouse study, approximately 45% of the
radiolabeled compound was recovered in the urine and another 20% in the expired air (as
C0O,). The HPLC chromatogram showed 6 major peaks in the urinary sample. These
peaks included parent 5-azacytidine, deaminated metabolites: 5-azauracil,
ribofuranosylbiuret and possibly 5-azauridine; hydrolytic products: RGU-CHO (with n-
formylguanylribosylurea), RGU (guanylribosylurea), and azacytosine. The HPLC
chromatogram pattern was similar in mice and dogs. Kidney excretion as the major
elimination route should call the attention to the safety of administration of 5-AZ to
renally-impaired patients.

5-Azacitidine did not inhibit cytochromes P450 1A2, 2C9, 2C19, 2D6, 2E1, or 3A4,
when assayed in an in vitro system. However, some inhibition of enzyme activity was
seen in vivo, possibly due to inhibition of gene activity. This inhibition was manifested
by depression of enzymatic activity of ethoxycoumarin O-deethylase and ethylmorphine
N-deethylase and an increased sleeping time in hexobarbital-treated mice.

The underlying mechanism of 5-AZ as an antimetabolite and cytotoxic agent is its ability
to incorporate to DNA and demethylate (or prevent methylation) of replicating DNA.
This hypomethylation action was also suggested to be the mechanism of 5-AZ’s
mutagenic effect in bacteria and the clastogenic effect in the induction of micronuclei
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formation (chromosomal fragments) in mouse L5178Y cells and SHE cells. The
submitted genotoxicity studies are all in vitro studies. The positive mutagenicity and
clastogenicity studies of 5-AZ also support its tumorigenicity, as shown in the rodent
(mice and rats) studies. Interpretation of the carcinogenicity studies is confounded by
inadequate data (some doses exceeding the MTD, and hence high mortality and short
exposure time, inadequate statistical analysis in some studies, as well as small number of
surviving animals). However, the Executive Carcinogenicity Assessment Committee
concurred with the findings reported in this review (Appendix B).

The reproductive and development toxicity of 5-AZ was tested in mice and rats. The
positive toxicities of 5-AZ on male FO rats, on embryonic growth and survival
(embryotoxicity), and on fetal and newbom development (teratogenicity) have
summarized (Executive Summary, p 4-5).

Unresolved toxicology issues: None

Recommendations:

The non-clinical studies submitted in NDA 50-794 adequately support the use of Vidaza
for the treatment of MDS patients via subcutaneous injection.

Suggested labeling:

Proposed labeling:

Mechanism of Action

C
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The cytotoxicity of azacitidine is proportional to dose and exposure time. Although the
mechanisms of cytotoxicity are complex and multifaceted, there is general agreement that
incorporation of azacitidine into DNA and RNA, and inhibition of protein synthesis, are
critically important. Cytotoxicity is greatest in cells that are proliferating (S-phase) and
metabolically active. Cytotoxic effects may also be mediated through induction of the
DNA damage response pathways. Non-proliferating cells are relatively insensitive to
Vidaza.

FDA Recommendations:

e The concentration of
azacitidine required for maximum inhibition of DNA methylation in vitro does not cause
major suppression of DNA synthesis. Hypomethylation may restore normal function to
genes that are critical for differentiation and proliferation. The cytotoxic effects of
azacitidine cause the death of rapidly dividing cells including cancer cells that are no
longer responsive to normal growth control mechanisms. Non-proliferating cells are
relatively insensitive to Vidaza.

Warnings
Pregnancy - Teratogenic Effects: Pregnancy Category D

Proposed labeling:

C

3

There are no adequate and well-controlled studies in pregnant women using Vidaza. If
this drug is used during pregnancy, or if the patient becomes pregnant while taking this
drug, the patient should be apprised of the potential hazard to the fetus.

Women of childbearing potential should be advised to avoid becoming pregnant while
receiving treatment with Vidaza.
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Use in Males

FDA recommendation:

Vidaza may cause fetal harm when administered to a pregnant woman. Early
embryotoxicity studies in mice revealed a 44% frequency of intrauterine embryonal death
(increased resorption) after a single IP (intraperitoneal) injection of 6 mg/m2
(approximately 8% of the recommended human daily dose on a mg/m?’ basis) azacitidine
on gestation day 10. Developmental abnormalities in the brain have been detected in
mice given azacitidine on or before gestation day 15 at doses of ~3-12 mg/m2
(approximately 4%-16% the recommended human daily dose on a mg/m” basis).

In rats, azacitidine was clearly embryotoxic when given IP on gestation days 4-8
(postimplantation) at a dose of 6 mg/m” (approximately 8% the recommended human
daily dose on a mg/m’ basis), although treatment in the preimplantation period (on
gestation days 1-3) had no adverse effect on the embryos. Azacitidine caused multiple
fetal abnormalities in rats after a single IP dose of 3 to 12 mg/m’ (approximately 8% the
recommended human daily dose on a mg/m’ basis) given on gestation day 9, 10, 11 or
12. In this study azacitidine caused fetal death when administered at 3-12 mg/m” on
gestation days 9 and 10; average live animals per litter was reduced to 9% of control at
the highest dose on gestation day 9. Fetal anomalies included: CNS anomalies
(exencephaly/encephalocele), limb anomalies (micromelia, club foot, syndactyly,
oligodactyly), and others (micrognathia, gastroschisis, edema, and rib abnormalities).

There are no adequate and well-controlled studies in pregnant women using Vidaza. If

this drug is used during pregnancy, or if the patient becomes pregnant while taking this
drug, the patient should be apprised of the potential hazard to the fetus.

Women of childbearing potential should be advised to avoid becoming pregnant while
receiving treatment with Vidaza.

Use in Males

————

- . ~ - -

Carcinogenesis, Mutagenesis, Impairment of Fertility

Proposed labeling:

L
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FDA recommendation:

The potential carcinogenicity of azacitidine was evaluated in mice and rats. Azacitidine
induced tumors of the hematopoietic system in female mice at 2.2 mg/kg (6.6 mg/m’,
approximately 8.8% the recommended human daily dose on a mg/m® basis) administered
IP three times per week for 52 weeks. An increased incidence of tumors in the
lymphoreticular system, lung, mammary gland, and skin was seen in mice treated with
azacitidine IP at 2.0 mg/kg (6.0 mg/m?, approximately 8% the recommended human daily
dose on a mg/m? basis) once a week for 50 weeks. A tumorigenicity study in rats dosed
twice weekly at 15 or 60 mg/m’ (approximately 20-80% the recommended human daily
dose on a mg/m’ basis) revealed an increased incidence of testicular tumors compared
with controls.

The mutagenic and clastogenic potential of azacitidine was tested in in vitro bacterial
systems Salmonella typhimurium strains TA100 and several strains of #rpE8, Escherichia
coli stains WP14 Pro’, WP3103P, WP3104P, and CC103; in in vitro forward gene
mutation assay in mouse lymphoma cells and human lymphoblast cells; and in an in vitro
micronucleus assay in mouse L5178Y lymphoma cells and Syrian hamster embryo cells.
Azacitidine was mutagenic in bacterial and mammalian cell systems. The clastogenic
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effect of azacitidine was shown by the induction of micronuclei in L5178Y mouse cells
and Syrian hamster embryo cells.

L

Pregnancy
Teratogenic Effects: Pregnancy Category D. See Warnings section.
Nursing Mothers

Proposed labeling:

It is not known whether azacitidine or its metabolites are excreted in human milk.
Because of the potential for tumorigenicity shown for azacitidine in animal studies and
the potential for serious adverse reactions, a decision should be made whether to
discontinue nursing or to discontinue the drug, taking into account the importance of the
drug to the mother.

FDA recommendation:
FDA concurs with the proposed labeling.

Signatures (optional):

Reviewer Signature _Shwu-Luan Lee
Supervisor Signature

Concurrence Yes No

138



Reviewer: Shwu-Luan Lee

NDA No. 50-794

3.7.  APPENDIX/ATTACHMENTS
Appendix A:
NDA 50-569, Review 1, Almon Coulter, Ph.D., 1982

Appendix B:

Executive CAC committee Meeting Minute, March 30, 2004.

APPEARS THIS WAY
ON ORIGINAL
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Executive CAC
Date of Meeting: March 30, 2004

Committee: David Jacobson-Kram, Ph.D., HFD-024, Chair
Joseph Contrera, Ph.D., HFD-901, Member
Abby Jacobs, Ph.D., HFD-024, Member
Josie Yang, Ph.D., HFD-550, Alternate Member
John Leighton, Ph.D., Team Leader
Shwu-Luan Lee, Ph.D., Presenting Reviewer

Author of Draft: Shwu-Luan Lee, Ph.D.

The following information reflects a brief summary of the Committee discussion and its
recommendations. Detailed study information can be found in the individual review.

NDA # 50,794
Drug Name: Vidaza (Azacitidine, 5-Azacytidine)
Sponsor: Pharmion

Background:

5-Azcytidine is a synthesized pyrimidine analogue of cytidine. The sponsor proposes the
use of 5-azacytidine for the indication of MDS (myelodysplastic syndromes) with a dose
schedule of 75 mg subcutaneous daily injection for 7 days, every 4 weeks. 5-Azacytidine
may exert its antineoplastic effect through hypomethylation (by inhibiting DNA
methyltransferase) and cytotoxicity on abnormal hematopoietic cells in the bone marrow.

The two rat and two mouse carcinogenicity studies presented to the Exec CAC are based
on the data of two published journal articles (BALB/c mice: Cavaliere ef al. Cancer
Letters, 37(1): 51-58, 1987; Fisher rats: Carr et al. Carcinogenesis, 5(12): 1583-1590,
1984) and one NCI report (1978). The NCI studies predated GLP, but were well
documented, and the studies in the literature did not follow GLP.

Genotoxicity

The mutagenic and clastogenic potential of 5-azacytidine has been investigated in
bacterial mutation assays in strains of Salmonella typhimurium and Escherischia coli, a
mouse lymphoma mutation assay, an in vitro human lymphoblast mutation assay, and an
in vitro micronuclei and transformation assay in Syrian hamster embryo (SHE)
fibroblasts. 5-Azacytidine was positive for mutagenicity in the bacterial mutation assay, ,
positive for clastogenicity in the in vitro micronucleus assay and positive for
transformation in the SHE cell assay.

Mouse Carcinogenicity Study:
Study #1, a study conducted for the NCI, used 35 B6C3F, mice/sex (n=15/sex for the

controls) at doses of 2.2 and 4.4 mg/kg administered by intraperitoneal injection, 3 times
per week, for 52 weeks. The administration of 5-azacytidine at the low dose was




associated with an increased incidence of neoplasms of the hematopoietic system
(lymphomas, and granulocytic leukemia and sarcomas) in female mice. The doses
chosen, exceeding the MTD, resulted in the low survival rate and shorter life span of the
animals (especially the high dose animals, and hence impacted the outcome of the study
and precluded any evaluation of male mice.

Study #2 employed 50/sex/group BALB/c mice in a 50-week test. The dose used was 2
mg/kg administered i.p. once weekly and was associated with an increased incidence of
neoplasms in the lymphoreticular system, lung (males only) , mammary gland ( females
only), and skin in treated males and females.

Rat Carcinogenicity Study:

Study #1 was from the same NCI report as mouse study #1 (see above). Sprague Dawley
rats (n=35/sex/group, n=15/sex/group in the control group) were given 2.6 mg/kg or 5.2
mg/kg of S5-azacytidine by intraperitoneal injection, 3 times per week, for 34 weeks. No
conclusion can be drawn from the study due to inadequate data (see mouse study #1).

Study #2 was a published article (Carr et al., see above). The committee only discussed
the treatment in Regimens 4A and 4B in which 5-azacytidine was administered as a sole
agent. Twelve male Fischer rats were given 5-azacytidine at 10 mg/kg (4A) or 2.5 mg/kg
(4B) twice per week by intraperitoneal injection for 9 months. The control was an age-
control, 12 untreated male rats. 4/12 rats in the high dose group died. Drug-related tumors
included testicular tumors. The small numbers of animals precluded drawing any other
conclusions.

Executive CAC Recommendations and Conclusions:

General comment:

The Committee noted that some of the studies were research studies from the literature
with small numbers of animals. Also the Committee noted that these studies, including
the NCI studies, would be considered inadequate by current standards.

Mice:

1. The Committee agreed that in the Study #1 there were drug related hematopoietic
system neoplasms in female B6F3C1 mice, but no conclusions were possible about
the males.

2. The Committee agreed with the conclusion in the Study #2 that the drug was
associated with increased incidence of tumors in the lymphoreticular system, lung
(males only), mammary gland (females only) and skin in the BALB/c mice.

Rat:
1. The Committee could not make any conclusions on Study #1 (Sprague-Dawley rats)
due to high mortality in both dose groups.




2. In Study #2, the Committee found that due to small number of animals, it was
difficult to draw any definitive conclusions. However, it did appear that testicular
tumors in Fischer rats were increased as compared to age-matched controls.

David Jacobson-Kram, Ph.D.
Chair, Executive CAC
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